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An enormous amoun t of work has been devoted to the study of 
the color reaction between starch and iodine over the course of 
the century and a half which has elapsed since its discovery ; 
however, much less attention has been ~aid to the clue complex 
of poly(vlnyl alcohol} with iodine. 
In a nu mber of investi ga tions, it has been noted that t he 
absorption spectrum of -aQueous solutions of iodine-iodide-PYA 
differs from tte spectra of aQueous solutions of iodine and 
iodide of the same concentration in an absorption cand with a 
maximum in the re gion of 600 mu., ex pla ined by the poly(v1ny 
alcohol }- iod lne complex. This band is also responsible for a 
blue coloration. 
Despite the relatively extensive number of articles devoted 
to the study of the reaction of iodine with FVA, differences of 
op1nion and sometimes incompa tible points of view exist about 
the characte r of this reaction anj about the nature of the 
so-called blue complex. 
M. M. ~wick19-20 has presented the most comprehensive model 
of the iVA-iodine reaction. He has likened the mechanism to 
that of a~Jlose and iodine, suggesting that the poly(v1nyl 
alcohol } macromolecule may be induced in the presence of iodine 
to assume a helical inclusion compound. 
The question is not only of theoretical interest, for it 
also has considerable practical significance. The blue complexes 
have been demonstrated to possess potent antiseptic properties 
which are lost as soon as discoloration takes place. 
The purpose of this investi ma tlon is to atte ~pt to elucidate 
Zwick's model of the FVA-iodine reaction. 
Historical Developments 
The tlue color reaction which results from the interactton 
of aqueous solutions of poly (vinyl alcohol) and iodine was first 
1 
observed by Standtnger and co-workers as early as 1927. These 
authors noted the similarity to starch; however, the coloration 
as distinct from the starch-iodine reaction, takes place only in 
the presence of iodide, and at considerably high concentrations 
of poly (vinyl alcohol) and iodine. 
2 -
In 1936 , Gallay found that iodine and certain electrolytes 
are absorbed by poly (vinyl alcohol) accord i ng to the adsorption 
isotherm. He observed that pre absorption of an electrolyte does 
not materially affect absorption of iodine by poly( vi ny l alcohol). 
Gallay also noted that there exists a minimal concentration of 
iodine below which the blue color will not appear. 
Brockm~hl and Middendorf 3 noted a few years later that the 
blue coloration would still appear with a poly (vinyl alcohol) 
-2 
concentration as low as 2 X 10 base mole/I., but that this might 
take several hours or days; furthermore, the color was observed 
to devel~p faster when the iodine was reacted in status nascendi 
by allowing iod ic aci~ and iodide to come together in the presence 
of poly (vinyl alcohol). 
In 1949 West 4 reported that the presence of boric acid tre-
mendously enhanced the formation rate of the blue complex. The 
absorption maximum of the poly(yinyl alcohol)-iodlne -borlc acld 
complex was f ou nd to lie at 670 mu relatlve to 600mu in the ab-
sence of borlc acid. Moreover, there appeared to be no minimum 
concentration of poly(vinyl alcohol) required for coloratlon when 
boric acid ls present. The rate was so remarkably enhanced by 
boric acid that 140nte-Bovl e;t; al.5-7 proposed its use as an in-
dicator in iodometry ln place of starch beCaU9€ of the former's 
high sensitivity Bnd the stablllty of its 80 .tlons~ 
Miller and Bracken 8 showed that the blue coloration ob-
served with fully hydrolyzed po1y(viny1 alcohol) failed to develop 
with unhydro1yzed acetate groups in quantities of 10% or more~ but 
rather a crimson coloration was observed. Yoda 9 , following this 
idea investigated the absorption spectra of po1y(vinyl alcohol) 
solution containing various ratios of F~A:I2 • He found that the 
absorption maximum occurred at 600mu for highly hydrolyzed poly 
(vinyl alcohol) of a l~w degree of saponification, and that there 
were two peaks, at both 480 and 600 mu, in intermediate cases. 
Since 1954, C.E. Schildknecht 10-12 has conducted a series 
of investigations to elucidate the structure of the blue complex. 
He found, inter alia, that the rate of color formation as well as 
the final intensity could be remarkably enhanced by decreasing the 
temperature or by addition of salts such as sodium chlorid~. On 
the other hand, the crimson complex of poly(vinyl alcohol) of a 
low degree of saponification develops even at very low concentrations 
at room temperature and is little affected by cooling or addition 
of salts, thus resembling branched amylopectin. Schildknecht 
suggented that the effect of the added salt might be to assist the 
poly(vinyl alcohol} moleCule in taking up a helical shape to form a 
channel type inclusion complex; however, this was not reflected in 
a change in viscosity, which he expected should take place concurrent-
ly with color development. 
Kontos 13 me~sured the absorption spectra of poly(viny1 a1-
cohol)-iodine-boric acid comp1exe~ in the range of 250 and 800 mu 
prepared at different concentration of the various components. Of 
the three maxima at 288,353, and 680mu which be observed, the one 
at 288mu always decreased as the one at 680mu increased upon com-
plex formation. At the same time, the maximum at 353 mu increased 
at low concentration, but decreased at high iodide concentration. 
In 1958 an extensive program was launched in Russia under the 
. 1 4 
l~adership of Us bakov and Mokhnac k with the a i m of eval uating 
the therapeuti c properties of various poly(vinyl alcohol)-iodin~ 
complexes. Acc ording to these - authors, iodine i n i ts highl y 
polarizable form, as it is believed to exist in colore d compounds, 
has potential antibacterial properties which ar~ l ost a s soon as 
discoloration takes place for whatever reasons. Sinc~ then, the' 
complexes hav'e been shown to possess a positive- therapeutiC! effect 
in a variety of diseases. 
1 <; 
In 1960 V. O. Mokhnach and I. P. Zueva ~ investi gated the 
absorption spectra of aqueous solutions of i odo-poly(vinyl alcohol ) 
in the range of 220-800 mu. An aoueous solution of pure poly(viny1 
alcohol} in the given range wa s found to have one absorption band 
with a maximum at 278mu. while the fully developed iodine complex 
was found to have four absorption bands with maxi ma at 226, 288, 
350, and 620 rou. This absorption spectrum was co mpletely analogous 
to those of aqueous solutions of the starch-iodine and amylose-
iodine complexes. In contrast to the case of starch and amylose, 
the iodine complex of poly(viny1 alcohol} could not be obtained 
without the partiCipation of the iodide anion, for example by the 
action of an alcohol solution of iodine. Therefore, the maximum at 
226 mu., which belongs to the hydrated iodide anion, was always 
present in the absorption spectrum of iodo-poly(vinyl alcobol). 
The maximum at 288 mu., which belongs to the tritodide anion, was 
also always present and, moreover, was very resistant to the action 
of excess p01y(vinyl alcohol). The absorption maximum at 350 mu. 
was attributed to hypoiodide anions (IO-} and that at 620 mu. to 
the blue complex. When the blue complex was destroyed by heating 
" the iodo-poly(viny1 alcohol) to 70 , the absorption spectrum ex-
hibited three maxi~a at 226, 288, and 350 mu. When the solution 
was cooled, the blue color and the concomitant maximum at 620 mu. 
reappeared. Upon reduction with sodium thiosulfate, all but the 
maximum at 226 mu. disappear. 
V. Mokhnach and 1. P. Zueva 15-16 presumed that hypoiodide 
(10-) played an lm~ortant role both in the iodo-po1y(viny1 alcohol} 
and amylose-iodine complexes. They suggested that the antimicrocic 
action of iod i ne incorporated in high polymers was the result of 
t he combined action of the hypoiodide anions and the blue co~plex, 
since solutions of iodides and triiodides exhibited a dimini shed 
therapeutic effect. 
S. A. G1ikman et a1. 17 conducted a spectrophotometric investi-
gation of mixtures of a 1% aqueous solution of po1y(viny1 alcohol} 
with solutions of potassium i odide and iodine and demonstrated that 
the process by which the blue complex is formed is satisfactorily 
described by the equation : 
K 0:: t / (a.-bt} 
(where K is the extinction coefficient for t he band with a ~aximum 
at 620 mu., t is the time fro~ the mo~ent the solutions are mixed, 
! and ~ are constants). A similar equation described the recovery 
of color of solutions after they had been co~p1etely or partially 
decolorized by heatin g . These authors noted that, of two samples 
of poly(viny l alcohols) showing the same final absorption spectrum, 
the intial rate of color formation of one was twice as laree as 
that of the other. They therefore proposed to characterize differ-
ent po1y(vinyl alcohol) samples. 
lmai and Matsumoto18 discovered that the poly(vinyl alcohol}-
iodine interaction is sensitive to the molecular weight and steric 
regularity of the polymer molecule. Longer and more stereoregular 
poly(vinyl alcohols) will display higher color intensities under 
the same reaction conditions than polymers with short chains and 
random molecular configuration. Since then, the PYA-iodine colora-
tion bas been e'"ployed as one of the indicators by which PVA IS 
of similar molecular weights prepared under different condittons 
have been compared with regard to their molecular fine structure. 
ZWick19- 20 has presented the most comprehensive model for the 
mechanism of the poly(vinyl alcoholJ-iodine complex which supported 
the earlier contention of Schildknecht that the po'y~er in dilute 
aqueous solution may form helical, unimolecular inclusion compounds 
The proposed mechanism involved a dual proce ss of helix formati on 
and intramolecular helix association. Evidence was presented to 
indicate that at full iodine saturation of the polymer, 12 vinyl 
alcohol residues supported by one boric acid molecule form a sin~le 
turn of a helix which enwra ps one iodine atom, out of a lonf poly -
iodide chain nested in the interior of a poly(vinyl alcohol) helix. 
21 Godina and Faerman have since demonstrated that poly(vinyl 
alcohol) macromolecules in aqueous solution are charged posit ively 
and may therefore act as a cation toward the triiodide anion. They 
further su gge sted that the shift from 620 to 670 mu. in the presence 
of boric acid resulted from a complex of 15 - n12 ions with the 
-(0}2BOH groups, for~ing a six-membered ring with two adjacent 
hydroxy sroups in the PYA chain. 
Experimental 
A factor for the slow progress in the elucidation of the PVA-
iodine mechanism may lie in the fact that experimental work with 
these complexes is beset by a number of complications. This is 
understandable, since in the system being studied, there are, 
during the reaction, at least six components: the polymer, iodine, 
water, iodide ions of various valency, and the blue complex. 
A thermodynamic analysis with the aim of obtaining quantitative 
values for the energy and entropy changes taking place juring the 
complexing reaction are not possible since by the time the blue 
color is fully jeveloped, the TVA-iodine co~plexes are no longer 
in a dyna~ic equilibrium with their surrounjing solutions . 
Int~nsity measurements in different runs conducted under 
seemingly identical conditions do not always coincide. A number 
of factors affe~ting color intensity are contact with air, exposure 
to light, temperature, and order of addition of reactants. When 
components ~ere mixeJ, the order of addition was: PYA, water, 
boric aCid, KI-I 2 solution. In spite of these obstacles, the 
information gained was able to throw some light on the mechanism 
of t he reaction between iodine and poly(vinyl alcohol}. 
Spectrophotometric data was obtained on a Beckman Spectronic 
20 thermostatted at 25Q (cell~ lmm.}. The poJy(vinyl alcohol) 
sample was obtained from DuPont: Elvanol 71-30, 99-100% hydrolyzed, 
Mw: 112 , 000 
Results and Discussion 
Dependence on Polymer Concentration 
The linear dependence of color intensity on polymer concentra-
tion when iodine concentration (.OI5M) is constant is demonstrated 
in Graph 1. This linear dependence indicates two things: first, 
under the conditions employed, very little of the iodine is actually 
bound to the polymer, so that little change in the iodine concentra-
takes place as more poly-mer is added. Wen Hsiang yang22 has deter-
mined (ty rather questionable means) the eQuilitrium constant of the 
PYA-iodine reaction to be approximately 3.2, which is in agreement 
with the low degree of iodine binding. As a result of this low extent 
of formation, the determination of the iodine binding ratio failed 
by a potentiometric titration and spectrometricly (ie. Job' Method). 
Second, although ZWiCkl9 - 20 interpreted the linearity to imply that 
single ~VA molecules were involved, the blue complex could not be 
deteced below .1% PVA suggesting that one of the necessary conditions 
for the formation of the complex is the aggregation of molecules 
creating favorable conditions for intermolecular~ rather than intra-
molecular, structures. 
The rate of color development was determined spectrophoto-
metrically for a solution of .5% FVA , .OI5M I 2 , & .020M KI which 
served ao a standard in subsequent kinetic studies. See Graph 2. 
Though the initial rate follows Glikman's17 empirical formula, the 
subsequent rate is essentially linear. Kinetic curves for the 
formation of the blue complex in weak solutions of various con-
centratlons of poly(vinyl alcohol} and iodine are similar in their 
form, and reflect the unique character of the process taking place. 
The rate of complex development was determined as a function 
of polymer concentration. See Graph 3. Note that the rate (ie. the 
slope) increases with an increase in polymer concentration. These 
differences in rates can be ascribed to the various degrees of 
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aggregation of the poly(vi nyl alcohol) molecules. The small degree 
of a ggregati on of t he macromolecules in dilute solut ions is increased 
with an increase of polyme r concentration creating the favorable 
structure of intermolecular helices. If the structu re of the complex 
was the result of intramolecular helices as suggested by Zwtck19- 20 , 
the rate would not have been as dramatically enhanced. 
Dependence on Boric Acid Conce ntra tio n 
The addition of boric acid even in small quantlties enhances the 
rate tremendousl y. See Graph 4. There appears to be no mi nimum con-
centration of poly(vinyl alcohol} required f or coloration when boric 
acid is present. Along with this enhan c ed rate there is a concomitant 
shift of the wavelength of the absorption maximum. The position , of 
the absorpt ion maximum of the FVA-iodine compl ex in the visible 
region has been variously reported as lying between 595 and 620 mu. 
in the absence of boric acid, and a round 670 mu. when boric acid is 
present. If as in the case of amylose, the wavelength of the absorp-
tion maximum is here also a function of the length of the l inear 
polyiodide chain, it means that boric acid causes the polyiodide 
chain to become longer. Zwlck19 - 20 suggested that this lengthening 
of the polyiodlde chain proceeds in a continuous fashion, instead 
of in a jump fro m a length corresponding to 600 mu. to one corre-
sponding to 670 mu. To test this contentton, a solution of .5% FVA, 
.003M 12, and .003M KI was prepared. Increasing amounts of boric 
acid were added to aliquots of this solution and the absorption 
maxima were determined. See Graph 5. Because of this continulty 
in the shift of the absorption maximum, it seems likely that one 
deals here with the same sort of complex over the whole range of 
wavelengths, and that essentially the same mechanism underlies 
complex formation, whether boric acid is present or not. At high 
boric acid level, all poly(vinyl alcohols} seem to converge to the 
12 
lrraph 4 Absorbance vs. Ti me(s€ c . } 
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same high cJlor intensity. At still higher bor i c acid cJncentra-
tions, intensities tend to drop off again as gela tion of the poly-
mer sets in; nevertheless, the fact that the color intensity rises 
with increasing boric acid cJncentrations, testifies for the increas-
ing degree of iodine binding by the polymer. Lon ges t wavelengths 
are exhibited at boric acid concentration s above .12M. Since .5% 
PYA corresponds to 1.1 base-mole PYA/I, then: 
1.1 (base-mole PVA/l) / -.12 (mole H3B03 / 1} -:: 9 vinyl alcohol residues. 
This supports Zwick's19-20 calculation of 12 vinyl alcohol residues 
per molecule of boric acid, obtained from extinction coefficients 
and Stuart models. Zwick suggested that the role of boric acid may 
be to stabilize the helical structure by holding on to two OH-
groups belonging to two successive turns of the helix which have 
become close nei ghbors due to the helical conformation of the 
polymer. 
The Effect of Electrolytes 
G. E. Schildknecht12 found that the rate of color formation 
could be considerably enhanced by the additiJn of salts. A solution 
of .1% PVA, .015M 12, and .020M Kl produced a yellow solution. 
Addition of varying amounts of sodium chloride produced the blue 
complex. Graph 6 shows that the rate is enhanced by the addition 
of increasing amounts of NaGl; furthermore, Graph 7 illustrates 
that the rate is increased by ions Jf higher valency ( Mg1'\-,. Na· j, 
though this may result from the extra anion. 
Unlike amylo se, poly(vinyl alcohol) does not exist in a helical 
shape in solution. Schildknecht12 suggested that the effect of the 
added salt mi ght be to assist the polymer in taking up a helical 
shape; therefore, ethylene glycol, which might enhance toe stability 
of the helix, would be expected to increase the rate. Graph 8 
illustrates that this is not the case. Since sodium chloride has 
15 
Graph 6 Absorbance VB. T1me(sec} 16 
.1%PVA , .0151'1 12, .0201'1 K1; A:.05M NaCl, B: .10M, C: . 25l!J 
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Graph 7 Acsorbance VS. Time(sec ) 
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Graph 8 Absorban ce vs. Tlme(s€ c) 18 
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been shown to 90ssess a salting-out effect,23-25 while ethylene 
glycol, due to hydrogen bonding , increases the solubility of the 
polymer, perhaps the for~atlon of the blue compl ex involves the 
aggregation of molecules(in a non-hellcal structure} and the 
penetration of iodine into interstices. If this were true, the 
rate of coloration should be retarded by the addition of an 
electrolyte with salting-out properties, such as sulfuric acid. 
See Graph 8. ~ontrary to the prediction based on non-helical 
aggregation, the rate was enhanced by sulfuric acid. 
One salt, ammonium thiocyanate, wa s of particular interest. 
From viscosity measurements, Buc 25 reported that ammonium thio-
cyanate at a concentration of O.6M, will break intermolecular 
hydrogen bonds between poly(vinyl alCohol} molecules. Zwick19 - 20 
had reported that the co~plex involved intra~olecular helices. 
If this is true, ammonium thiocyanate should either enhance or 
have little effect upon the rate of complex formation. See Graph 9. 
Contrary to this prediction, the rate was significantly retarded 
even at extremely dilute concentrations of ammonium thiocyanate. 
Therefore, it seems plausible that the mechanism of complex for-
mation certainly involves intermolecular hydrogen bonding, since 
ammonium thiocyanate does not affect intramolecular hydrogen 
bonding. 
19 
Graph 9 Absorbance vs. Time(s ec ) 20 
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The Mechanism of the PVA-Iodine Reaction 
M. M. ZwicK19-20 bas postulated the most comprehensive model 
of the poly(vinyl alcohol)-iodine complex, analogous to the amylose 
iodine complex. The mechanism involves a dual process of helix 
assoc i ation and molecula r association. 
The differences tn behavior of the two polymers can be attrib-
uted to the fact that amylose is a rigid, completely stereoregular, 
and optically act ive micromolecule, whereas PYA has a highly flexible 
chain with an irregular configuration. The handedness of the glucose 
rings in amylose g ives rise to helical loops in solution even in 
the absence of iodine, whereas in poly(vinyl alcohol) the forma-
tion of a helical structure would require a much larger, unfavor-
able entropy decrease. 
The optical activity of the glucose rings would cause one 
sense of turning of the amylose helix to be preferred over the 
other; however, no such preference can exist in the case of poly 
(vinyl alcohol), 80 that once helices are induced to form in NA, 
they will with equal probabIlity, form in both senses. Short 
helices that have just begun to grow in close proxi~ity to each 
other, along the same polymer chain will interfere with each 
other, if their sense of turning happened to be opposite. As a 
result, PYA helices might hardly be able to ~row long enough to 
accommodate extensive polyiodide chains absortin~ in the 600 mu. 
band unless some rearrangement takes place. Zwick bas presented 
evidence tbat at full iodine saturation of the polymer, 12 vinyl 
alcohol residues supported by one boric acid molecule form a 
single turn of a helix which enwraps one iodine atom, out of a 
long po]yiodide chain nested in the interior of a PVA helix. One 
iodine atom would fit snugly in the diameter (5A) of this helix. 
Zwick's model is compatible with the experimental observa-
tions of this investigation with the exception of the role of 
21 
intermolecular hydrogen bonding. Zwick's model assumes that a 
poly(vinyl alcohol) molecule tn dilute solution of the reactants 
is induced to helix formation at a numter of isolated sites alon~ 
the polymer chain when coming into contact with iodine and iodide 
ions. These helices, however, are not long and stable enou~h to 
function on their own as hosts for extensive linear polyiodide 
chains. Only by grouping together into a cluster of helices, is 
additional stability attained. 
Zwic~'s model fails to account for the minimum concentratiion 
of PVA , the non-linear enhancement of rate as a fun ction of poly-
mer concentration, and the retardation of rate ~y ammonium thio-
cyanate. These observations can best be explained by assuming an 
intermolecular process . Presu~ably, once short and unstable helices 
are induced by iodine and iodide ions, two helices of separate 
macromolecules join into a crude, imperfect cluster. Then be~ins 
a slow process of recrystallization in which faults in the helices 
are eliminated and loose segments folded in. It is during this 
slow recrystallization stage that the PVA channels become long 
and regular enough for the gU€st'todide chatn to link up and 
display color. Once the helices have attained this stac1Jity, 
they may separate and then join intramolecularly. 
The maximum length of the channel is nevertheless limited 
by the proximity of a helix of opposite sense; thus boric acid 
can only extend the channel to its steric limitation. This 
would explain the stationary wavelength of the absorption 
maximum when more boric acid is added. The formation and slow 
recrystallization of intermolecular helix cJusters could also 
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